The present study demonstrates the immobilization of β galactosidase from apricots (Prunus armeniaca kaisa) on an inexpensive concanavalin A layered cellulose-alginate hybrid gel. Immobilized β galactosidase retained 78% of the initial activity after crosslinking by glutaraldehyde. It exhibited greater fraction of activity at both acidic and basic pH, and showed broad spectrum temperature optimum as compared to free enzyme. Moreover, immobilized enzyme exhibited higher thermal stability at 60°C and retained 80% of the original enzyme activity in presence of 3% galactose. The crosslinked immobilized enzyme showed improved hydrolysis of lactose from milk and whey in batch processes at 50°C as well as in continuous reactors operated at fl ow rate of 20 mL/h and 30 mL/h even after one month. Moreover, crosslinked adsorbed β galactosidase retained 76% activity even after its sixth repeated use, thereby promoting its use for lactose hydrolysis in various dairy products even for longer durations.
INTRODUCTION
β galactosidase (E.C.3.2.1.23) catalyzes the hydrolysis of lactose into glucose and galactose. This enzyme is widely present in microorganisms, plants and animals and fi nds its extensive application in food processing industry 1 . Lactose intolerant individuals showed low level of β galactosidase in intestine which led diffi culty in digesting milk and other dairy products 2 . Thus, the technological importance of the enzyme arises mainly for milk consumption by lactose-intolerant populations, whey disposal and lactose crystallization in frozen concentrated desserts 3, 4 . However, soluble enzymes cannot be used in industries due to product inhibition, instability, non reusability and diffi cult recovery. In order to overcome such limitations, enzyme immobilization has been considered as one of the best alternatives to use enzymes at large scale in industrial and environmental applications 5, 6 . Immobilized enzymes offered numerous advantages like enhanced stability, easier product recovery, protection of enzymes against inactivating agents and proteolysis
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. It also prevents enzyme from denaturation and helps to retain the immobilized enzyme in biochemical reactors to further catalyze the subsequent feed and provide more economical use of biocatalysts in industry, waste treatment and in the development of bioprocess monitoring devices like biosensors [8] [9] [10] . β galactosidase from various plants and microbial sources has been successfully immobilized for generating lactose free dairy products in the recent past on different matrices by physical adsorption, entrapment, crosslinking and covalent binding [11] [12] [13] [14] [15] [16] [17] [18] [19] . These immobilization procedures permit to control the matrix-enzyme interaction for retaining enzymes via different orientations/conditions which remained the key point in increasing their utilization in biotechnological industries signifi cantly.
These studies inspired us to prepare an inexpensive and highly effi cient immobilized preparation of Prunus armeniaca kaisa β galactosidase on concanavalin A layered calcium alginate-cellulose beads. Effect of various physical and chemical denaturants on the activity of soluble β galactosidase (SβG) and crosslinked Con A layered calcium alginate-cellulose beads adsorbed β galactosidase (IβG) has been investigated. The effect of product inhibition by galactose on soluble and immobilized β galactosidase was monitored. Moreover, soluble and immobilized enzyme has been evaluated for the hydrolysis of lactose from milk and whey in stirred-batch reactors for varying time intervals. Effi ciency of IβG was examined in continuous reactors for the hydrolysis of lactose at different fl ow rates. Reusability of immobilized enzyme was also investigated.
MATERIAL AND METHODS

Material
Galactose, α-methyl-β-D-glucopyranoside, cellulose, peroxidase, ethanolamine and p-nitrophenyl β-D--galactopyranoside (PNGP) and lactose were obtained from Sigma Chem. Co. (St. Louis, MO, USA). Sodium alginate and glutaraldehyde was the product of Koch-Light Lab (Colnbrook, UK). Apricots were purchased from local market. All other chemicals and reagents employed were of analytical grade and were used without further purifi cation.
Partial purifi cation of β galactosidase from Prunus armeniaca kaisa β galactosidase was isolated from Prunus armeniaca kaisa according to the procedure described by Gulzar and Amin 20 with slight modifi cations. The cortical tissue of apricots (300 g) was homogenized for 10 min in 0.1 M sodium acetate buffer (pH 5.0) and the homogenate was fi ltered through four layers of cheese cloth. The suspension obtained was stirred on magnetic stirrer for about 4 hours at 4°C. The residue left after fi ltration was washed twice by homogenization in the assay buffer. The fi nal residue Soluble and immobilized β galactosidase preparations were incubated at 50°C in 0.1 M sodium acetate buffer, pH 5.0 for varying times. Aliquots of each preparation (20 μl) were taken out at indicated time intervals and chilled quickly in crushed ice for 5 min. The enzyme was brought at room temperature. The enzyme activity without incubation at 50°C was taken as control (100%) for the calculation of remaining percent activity.
Effect of galactose
The effect of galactose (1.0-5.0%, w/v) was measured for 1 h on the activity of soluble and immobilized β galactosidase preparations (20 μl) in 0.1 M sodium acetate buffer, pH 5.0. The activity of enzyme without added galactose was considered as control (100%) for the calculation of remaining percent activity.
Reusability of IβG
IβG (20 μl) was taken in triplicates for assaying the activity of enzyme. After each assay, immobilized enzyme was taken out from assay tubes and was washed and stored in 0.1 M sodium acetate buffer, pH 5.0 overnight at 4 o C for 6 successive days. The activity determined on the fi rst day was considered as control (100%) for the calculation of remaining percent activity.
Hydrolysis of lactose from milk and whey by soluble and immobilized β galactosidase
The cold milk was skimmed by centrifugation at 8000 × g for 20 min. The fat layer was removed from milk and stored at 4°C for further use. Skimmed milk (500 mL) was independently treated with soluble and immobilized β galactosidase (125 U) in stirred batch process at 40°C. In the next experiment, skimmed milk was acidifi ed by HCl until the pH reaches to 4.8. The casein was removed by centrifugation. Whey (500 ml) was independently treated with soluble and immobilized β galactosidase (250 U) in stirred batch process at 40°C. The aliquot of 250 μl was taken out at indicated times for 10 h. The hydrolysis of lactose was estimated by glucose oxidase-peroxidase coupled assay procedure 
Assay of β galactosidase
The hydrolytic activity of β galactosidase was determined by measuring the release of p-nitrophenol from PNPG at 405 nm. The reaction was performed by continuous shaking in an assay volume of 2.0 ml containing 1.7 ml of 0.1 M sodium acetate buffer, pH 5.0, 0.1 ml β galactosidase and 0.2 ml of 20 mM PNPG. The reaction was stopped by adding 2.0 ml of 2.0 M sodium carbonate solution and product (p-nitrophenol) formation was measured spectrophotometrically at 405 nm. One unit (1.0 U) of β galactosidase activity is defined as the amount of enzyme that liberates 1.0 μmole was weighed and brought up to 300 g with 0.5 M NaCl. This was stirred for 1 h at 4°C and then fi ltered through Whatman No.1 fi lter paper. The fi ltrate was then centrifuged at 10.000x g on a Remi R-24 cooling centrifuge for 30 min at 4°C. The clear supernatant was collected and the precipitate was discarded. After precipitating the supernatant with 80% ammonium sulphate by overnight stirring, the solution was centrifuged at 10.000x g for 10 min at 4°C. The precipitate was decanted and supernatant was again subjected to 0-70% ammonium sulfate fractionation for about 2 h. The fi ltrate was fi nally centrifuged at 10.000x g for 10 min at 4°C. The precipitate collected was re-dissolved in 0.01 M sodium acetate buffer, pH 5.0 and was dialyzed against the assay buffer.
Layering of Con A on calcium alginate-cellulose beads
Calcium alginate-cellulose beads (500 beads) were incubated overnight with jack bean extract (25 ml) containing Con A at room temperature with slow stirring on a magnetic stirrer. Con A bound calcium alginate--cellulose beads were washed thrice with 0.1 M sodium acetate buffer, pH 5.0 and stored in the assay buffer for further use.
Crosslinking of β galactosidase on Con A layered calcium alginate-cellulose beads
Con A layered calcium alginate-cellulose beads was incubated with β galactosidase (2000 U) overnight at 32°C with slow stirring. The unbound enzyme was removed by repeated washing with 0.1 M sodium acetate buffer, pH 5.0. β galactosidase immobilized on the surface of Con A layered calcium alginate-cellulose beads was suspended in 0.1 M sodium acetate buffer, pH 5.0 for 2 h at 4°C. The adsorbed enzyme was crosslinked by 0.5% (v/v) glutaraldehyde for 2 h at 4°C. Finally the beads were incubated with 0.01% (v/v) ethanolamine for 90 min at 30°C to stop crosslinking. The integrity of crosslinked immobilized enzyme was examined by incubating beads in 1.0 M α-methyl-D-glucopyranoside for 2 h.
Determination of kinetic parameters
Kinetic parameters of soluble and immobilized b galactosidase was determined from Line-Weaver Burk plot by measuring their initial rates at varying concentrations of PNPG in 100 mM sodium acetate buffer at pH 5.0.
Effect of pH and temperature
Enzyme activity of soluble and immobilized β galactosidase preparations (20 μl) was assayed in the buffers of different pH (pH 3.0-8.0). The used buffers were glycine-HCl (3.0), sodium acetate (pH 4.0-6.0) and Tris-HCl (7.0, 8.0). Molarity of the used buffer was 0.1 M. The activity expressed at pH 5.0 was considered as control (100%) for the calculation of remaining percent activity.
Effect of temperature on soluble and immobilized β galactosidase preparations (20 μl) was studied by measuring their activity at various temperatures (30-70°C). The enzyme was incubated at various temperatures in 0.1 M sodium acetate buffer, pH 5.0 for 15 min and the reaction was stopped by adding 2.0 ml of 2.0 M sodium carbonate solution. The activity obtained at 50°C was considered as control (100%) for the calculation of remaining percent activity. 
Estimation of protein
Protein concentration was determined according to the procedure described by Lowry et al., 1951 18 . Bovine serum albumin was used as standard.
Statistical analysis
Each value represents the mean for three independent experiments performed in triplicates, with average standard deviation <5%. The data expressed in various studies was plotted using Sigma Plot-9 and expressed with standard deviation of error (±). Data was analyzed by one-way ANOVA. P-values <0.05 were considered statistically signifi cant.
RESULTS AND DISCUSSION
With the growing expansion of biotechnology industry, it is becoming increasingly evident to design a cheap and novel procedure for obtaining lactose hydrolyzed products at less cost. Moreover, the time consuming and vast complexity involved in preparing immobilization matrix, greater cost of β galactosidases and the complicated protocols of their isolation and purifi cation had accounted for nearly 80% of the total manufacturing cost of immobilized enzymes 14, 22 . Therefore, search for inexpensive, simple and applicable immobilized β galactosidase led to the isolation of β galactosidases from several plant materials for biocatalysis and were found to exhibit wide specifi city, easy accessibility and high stability in solution 13, 16 . In the present study, an effort has been made to use an inexpensive and partially purifi ed immobilized β galactosidase from Prunus armeniaca kaisa for the hydrolysis of lactose from milk and whey in batch and in continuous reactors. The enzyme adsorbed on Con A layered cellulose-alginate beads retained 82% of the original activity upon immobilization. However, crosslinking of the adsorbed enzyme with glutaraldehyde resulted in a marginal loss of 4% enzyme activity (Table 1) . It was previously reported by our group that crosslinking Aspergillus oryzae β galactosidase on the matrix with glutaraldehyde enhanced its stability by forming strong bonds between enzyme molecules and the matrix 1 . Table 2 suggested that enzyme immobilization resulted in increased Km and a decrease in Vmax value. When an enzyme was immobilized on glutaraldehyde modifi ed support, Km of immobiliz ed enzyme increased, while Vmax decreased. This means that the affi nity of the enzyme for its substrate and the velocity of enzymatic reaction decreased. This was due to the lower accessibility of the substrate to the active site of the immobilized β galactosidase and lower transporting of the substrate and products into and out the modifi ed nanomatrix. These observations are in agreement with the Kluyveromyces lactis β galactosidase immobilized on surface modifi ed multiwalled carbon nanotubes 4 . Stability against various denaturing agents is an important factor when selecting an appropriate enzymatic system for any application. Immobilized enzyme showed no change in pH-optima but exhibited remarkable broadening in pH-activity profi les as compared to the native enzyme (Fig. 1) . Moreover, the free enzyme showed 74% activity at pH 4.0 whereas the immobilized β galactosidase retained 88% activity under similar experimental conditions. The temperature-optimum exhibited greater fractions of catalytic activity for the immobilized enzyme as compared to its soluble counterpart (Fig. 2) . It was noticed that so- Table 1 . β galactosidase immobilized on Con A-layered calcium alginate-cellulose beads. Adsorption of enzyme on Con A layered cellulose-alginate beads retained 82% of the original activity upon immobilization. This activity was reduced to 78% as a result of crosslinking by glutaraldehyde luble β galactosidase showed 36% activity at 70°C whereas the immobilized enzyme retained 65% activity at same temperature. Moreover, the soluble enzyme exhibited 34% and 19% of enzyme activity after 1 h and 2 h exposure at 50°C while the immobilized β galactosidase retained 74% and 60% of the original activity, respectively, under similar incubation conditions (Fig. 3) . Enhanced pH stability and broad spectrum temperature stability of immobilized enzyme refl ected its antithermal property which might be attributed to conformational stability attained by the enzyme as a result of bond formation between enzyme and matrix or lower restriction to substrate diffusion at higher temperatures 23, 24 . However, major problems associated with immobilized enzymes are microbial contamination, protein adherence and channeling. The periodic washing and fl ow direction of substrate can solve this problem to great extent. The problem of microbial contamination can be solved by exploiting the antithermal property of crosslinked β galactosidase
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. Figure 4 shows the inhibitory effect of galactose on the activity of soluble and immobilized β galactosidase. Soluble β galactosidase showed 50% activity in the presence of 3.0% galactose, while the immobilized enzyme exhibited much higher enzyme activity, 80% at the same concentration of galactose. Reusability of the immobilized β galactosidase has been shown in Figure 5 . Immobilized β galactosidase showed 82 and 76% of the initial activity, after its 5 th and 6 th repeated use, respectively. Continuous hydrolysis of lactose in batch process exhibited that the rate of hydrolysis was more in case of free enzyme for fi rst few hours as compared to the immobilized enzyme preparations (Table 3) . It has been evaluated that lactose hydrolysis in milk by free enzyme was 37% in 4 h but the maximum hydrolysis 53% was achieved in 8 h. Similarly, it was noticed that hydrolysis of lactose in milk by immobilized enzyme was 61% after 6 h under identical incubation conditions. The hydrolysis of lactose in whey by free enzyme after 6 h was 57% whereas immobilized enzyme hydrolyzed 70% lactose under similar incubation time. It was due to the fact that soluble Table 3 . Hydrolysis of lactose from milk and whey in batch processes at 50°C. Rate of hydrolysis was more in case of free enzyme for fi rst few hours as compared to the immobilized enzyme. Moreover, greater percent of lactose was hydrolyzed from whey as compared to milk due to similarity in pH-optima for the apricot β galactosidase after greater time intervals enzyme was more accessible for hydrolysis of lactose for fi rst few hours but after prolonged time intervals, the rate of lactolysis decreased much faster. This phenomenon of inhibition of β galactosidase by the product has been explained earlier by Mammarella and Rubiolo
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. The rate of lactose hydrolysis in whey and milk depends on the activity of β galactosidase, which in turn depends on the reaction conditions like pH, temperature, concentration of enzyme and processing time
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. Our results indicated higher lactose hydrolysis in whey than in skimmed milk. It was due to the fact that pH of whey lies in the range of 4.5-5.0 whereas milk has a pH of 6.5-6.8. Apricot β galactosidase showed its pH-optima at pH 5.0 (Fig. 1) , hence it required more enzyme units to hydrolyze milk as compared to whey lactolysis. It has been well documented that plant and fungal β galactosidases having acidic pH--optima are suitable for processing acid whey and whey permeate whereas the enzymes from yeasts and bacteria exhibiting neutral pH-optima are suitable for processing milk. It has been reported earlier that β galactosidase from Kluveromyces fragilis hydrolyzes whey permeate containing 5% lactose into 96% lactose in 48 h at 35°C and pH 7.0
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. Zhou and Chen 11 also reported that β galactosidase from Kluveromyces lactis immobilized onto the surface of graphite using glutaraldehyde as a crosslinking reagent hydrolyzed 5% (w/v) lactose to 70% within 3 h at 37 o C but when temperature was increased to 50°C, only 50% of lactose was hydrolyzed after 3 h. Moreover, Pisum sativum β galactosidase immobilized on chitosan beads also exhibited higher lactose hydrolysis from milk and whey
13
. The reusability study of immobilized enzyme preparations further supported that the enzyme did not leach out of the matrix appreciably (Fig. 5) , therefore such preparations could be exploited for the continuous conversion of lactose from milk or whey for longer durations in reactors. Table 4 shows hydrolysis of lactose by adsorbed and crosslinked β galactosidase in continuous packed bed reactors at different fl ow rates. The greater extent of lactose was hydrolyzed by the column containing crosslinked adsorbed enzyme when the fl ow rate was 20 mL/h while the hydrolytic rates slightly decreased as the fl ow rate was increased to 30 mL/h. It was seen that 98% lactose was hydrolyzed by immobilized enzyme after 10 d of the operation of reactor when the fl ow rate was 20 mL/h. However, immobilized enzyme exhibited 92 and 85% conversion of lactose after 15 and 30 d continuous operation of the reactor at a fl ow rate of 30 mL/h (Table 4 ). It could be attributed to the residence time of lactose inside the column containing immobilized β galactosidase 26 . It has been reported earlier that higher lactose hydrolysis took place at lower fl ow rates. Moreover, the hydrolytic rate achieved at the mentioned fl ow rates was more due to its greater resistance against product inhibition achieved by glutaraldehyde crosslinking. In view of the stability offered by immobilized enzyme together with its high porosity and excellent fl ow properties, it appeared to be a useful immobilized matrix that could be exploited for the continuous production of novel dairy products.
CONCLUSIONS
The present study provides a reasonable basis for applying β galactosidase from Prunus armeniaca kaisa in developing Table 4 . Lactose hydrolysis through continuous reactors at different fl ow rates. Rate of lactolysis decreased as the fl ow rate was increased. Moreover, the hydrolytic rate achieved at the mentioned fl ow rates was more due to its greater resistance against product inhibition achieved by glutaraldehyde crosslinking . Reusability of immobilized β galactosidase. Reusability of crosslinked adsorbed β galactosidase was monitored for 6 successive days. The aliquots were taken in triplicates and were assayed for the remaining percent activity. The activity determined on the fi rst day was taken as control (100%) for the calculation of remaining activity after each use. For symbols, please refer to Figure legends 1 an effective biotechnological process for preparing lactose free dairy products. Immobilized enzyme exhibited high yield of immobilization and markedly improved stabilization against various physical and chemical denaturants, and signifi cant stabilization against product inhibition by galactose. The use of immobilization technology is of signifi cant importance from economic point of view since it makes reutilization of the enzyme and continuous operation possible and also precludes the need to separate contamination from milk and whey following processing.
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